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$\mathrm{M}\mathrm{c}\mathrm{K}\mathrm{e}\mathrm{n}\mathrm{d}\mathrm{r}\mathrm{i}_{\mathrm{C}}\mathrm{k}(1926)\text{ }$ Von Foerster
(1959)
70
2 $\circ$ 1974 Gurtin and $\mathrm{M}\mathrm{a}\mathrm{c}\mathrm{C}\mathrm{a}\mathrm{m}\mathrm{y}$
–
(structured population dynamics)
$($Metz and Diekmann 1986, Iannelli 1995, Cushing $1998)_{\circ}$
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21970 Keyfitz (1977), Pollard (1973)




(Clement, et al. 1987-1989; Desch, Schappacher and Kang Pei Zhang
1989; Diekmann, et al. 1993, 1995; Greiner 1989, Thieme 1990, 1991)
Diekmann, et al. (1998)
(epidemic models)
. 18 (Bernoulli 1760, Anderson
1991) Kermack and









population model Anderson and May
(1991), Busenberg and Cooke (1993), Capasso (1993), Mollison (1995), Isham and Medley
(1996)
Grenfell and Dobson (1995)
2
$t$
$p(t, a),$ $a\in[0,\omega]$ 0 $<\omega\leq+\infty$
$p(t, a)da$ $t$ $[a_{1}, a_{2}]$






$(\partial_{t}+\partial_{a})p(t, a)+\mu(a)p(t, a)=0$ , $t>0$ , $a>0$ ,
$p(t, 0)= \int_{0}^{\omega}\beta(a)p(t, a)da$ , $t>0$ ,
$p(0, a)=p0(a)$ .
(1)
$\text{ _{}p_{\mathit{0}}()}a$ $\beta(a)$ $\mu(a)$ \beta
\mu $P(t)$ :




. (1) ($\mathrm{M}\mathrm{c}\mathrm{K}\mathrm{e}\mathrm{n}\mathrm{d}\mathrm{r}\mathrm{i}\mathrm{c}\mathrm{k}$-Von Foerster )
$p(t, a)=\{$
$B(t-a)p(a)$ $t-a>0$
$p_{0}(a-t) \frac{\ell(a)}{\ell(a-\mathrm{f})}$ $a-t>0$ (3)
$\ell(a):=e^{-}\int_{0^{\mu}}^{a}(\sigma)d\sigma$ (4)
$a$ (3)
$(0, t)$ $(t, \infty)$ :
$B(t)=G(t)+ \int_{0}^{t}\Psi(a)B(t-\mathit{0})da$ . (5)
$G(t),$ $\Psi(a)$ :
$G(t):= \int_{t}^{\infty}\beta(a)\frac{\ell(a)}{l(a-t)}p_{0}(a-t)do$ , $\Psi(a):=\beta(a)\ell(a)$ (6)
\beta (a), $\ell(a)$ a $\not\in[0, \omega]$ \beta (a) $=0,$ $\ell(a)=0$
$G(t)$ $t$
$R_{0}= \int_{0}^{\omega}\Psi(a)da$ (7)
(net reproduction rate) ( ) (basic reproduction num-
$\mathrm{b}\mathrm{e}\mathrm{r}/\mathrm{r}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o})$ -
$\int_{0}^{\omega}e^{-\lambda a_{\Psi}}(a)da=1$ (8)
– \mbox{\boldmath $\lambda$}o $B(t)$
$\lim_{tarrow\infty}e-\lambda_{0}\mathrm{r}_{B}(t)=\frac{\int_{0}^{\omega}e-\lambda_{0}tG(t)dt}{\int_{0}^{\omega_{oe^{-\lambda 0a}\Psi}}(a)da}$ (9)
Feller (1941)
(3) (9) \mbox{\boldmath $\lambda$}o




Feller 40 Webb (1984) (1) Banach X $=L^{1}(\mathrm{o}, \omega)$
$X_{+}$
(1) :
$p’(t)=Ap(t)$ , $t\geq 0$ , $p(0)=p_{0}\in X_{+}$ (11)
$(A\phi)(a)=-\phi’(a)-\mu(a)\phi(a),$ $\phi\in D(A)=\{\phi\in x:A\phi\in X, \emptyset(0)=<\beta, \emptyset>\}$ (12)
$<\beta,$ $\phi>:=\int_{0^{\omega}}\beta(a)\emptyset(a)da$
$\beta,$ $\mu\in L_{+(\omega)}^{\infty}0$, (13)
– \mbox{\boldmath $\omega$} $\mu(a)$ \mu $\not\in L^{\infty\infty}(\mathrm{O},\omega)$
$\int_{0}^{\omega}\mu(\sigma)d\sigma=\infty$ 3
$[0, a_{\dagger}],$ $\mathrm{a}_{\mathrm{T}}<\omega \text{ }\mu$
2. 1 $A$ $C_{\mathit{0}}$ $T(t),$ $t\geq 0$ :
$||T(t)||\leq e^{(\overline{\beta}-\underline{\mu}})\mathrm{f}$ , $T(t)(X_{+})\subset X_{+}$ (14)
\mbox{\boldmath $\omega$} $<\infty$ $A$ A
$\Lambda=\{\lambda\in C:\int_{0}^{\omega}e^{-\lambda a}\Psi(a)da=1\}$ (15)







2. 2 $\lambda_{0}$ $\phi_{0}(a)$
$\emptyset_{0}^{*}(a)$ $\eta>0,$ $M>0$
$||e^{-\lambda_{0}t} \tau(t)p0-\frac{<\phi_{\mathit{0}}^{*},p_{0}>}{<\emptyset_{0}^{*},\phi_{0>}}\emptyset \mathit{0}||_{L}1\leq Me$ $-\eta t||p_{0}||L^{1}$ (17)
$[0, \infty)$ $A$
Webb (1987),
Gyllenberg and Webb (1992) –
2. 3 Banach $X$ $T(T),t\geq 0$ (intrinsic growth
constanl) \mbox{\boldmath $\lambda$}0\in R ($AEG$:asynchronous exponential growth)
(strongly ergodic) - $P_{0}$
$\varliminf_{t\infty}e^{-\lambda_{0}t}\tau(t)=P_{0}$ (18)
2. 4 Banach $X$ $T(t),$ $t\geq 0$ \mbox{\boldmath $\lambda$}o $\in$ R
(1) $\omega_{1}(A)<\lambda_{0}$ , (2) $\sigma_{0}(A)=\{\lambda_{0}\}$ , (3)
$\lambda_{0}$ A 3
\mbox{\boldmath $\omega$}1 $(A)$ $T(t)$ \alpha -growth bound T
(measure of noncompactness) $\text{ }\alpha[\tau]$
$\omega_{1}(A)=\lim\frac{\log(\alpha[\tau(t)])}{t}tarrow\infty$
\mbox{\boldmath $\sigma$}(A) $A$ ) \mbox{\boldmath $\sigma$}1 $(A)= \{\lambda\in\sigma(A):\Re\lambda=\sup\{\Re\lambda : \lambda\in\sigma(A)\}\}$
Po\mbox{\boldmath $\phi$}
AEG –
– – (Gyllenberg and Webb





Norton (1928) $\text{ }$ Lopez (1961)
(weak ergodicity)
–
Birkhoff (1962, 1965, 1967)
(Ziebur
1979, Thieme 1988, Cushing 1989, Inaba 1989, Nussbaum 1988, 1989, 1990, Wysocki 1992,
Rundnicki and Mackey 1994, Lasota and Yorke $1996)_{\circ}$
3
$P’(t)=\alpha(P(t))P(t)$ (19)
\alpha (x) :[$0,$ +\infty \infty )\rightarrow R
$\alpha(x)$ :
$(a)$ $\alpha’(x)>0$ if $0<x<x_{0}$ $(b)$ $\alpha’(x)<$. $0$ if $x>x_{0}$ $(c)$ $\lim_{xarrow\infty}\alpha(x)<0$










$p_{t}(T, a)+p_{a}(t, a)+\mu(a, P(t))p(t, a)=0$
$p(t, 0)= \int_{0}^{\infty}\beta(\sigma, P(t))p(t, \sigma)d\sigma$
$p(\mathrm{O}, a)=p_{0}(a)$ , $P(t)= \int_{0}^{\infty}p(t, \sigma)d\sigma$
(20)
Gurtin and $\mathrm{M}\mathrm{a}\mathrm{c}\mathrm{C}\mathrm{a}\mathrm{m}\mathrm{y}$











$E:=L^{1}(\Omega)$ (\Omega ) $G,$ $F$
(21) Cauchy
$p’(t)=Ap(t)+G(p),$ $p(0)=p_{0}$ , (22)







$X:=L^{1}(R_{+} : E)$ $Z:=E\cross X$
$Z_{0}$ $Z_{0}:=\{\mathrm{O}\}\cross X$ Z $A$
$A(\mathrm{O}, \psi):=(-\psi(0), -\psi’)$ for $(0, \psi)\in D(A):=\{\mathrm{O}\}\cross D(A)$ , (24)
$A$ X :
$(A\psi)(a):=-\psi’(a)$ , $D(A)=\{\psi\in L^{1} : \psi\in W^{1,1}\}$ , (25)
$W^{1,1}:=$ { $\psi\in X$ : $\psi$ ’ $\in L^{1’}$}
$\mathcal{B}:Z_{0}arrow Z$
$\mathcal{B}(0, \psi)=(F(\psi), G(\psi))$ for $(0, \psi)\in Z_{0}$ . (26)
(22)$-(23)$ $Z-$ :
$u’(t)–Au(t)+Bu(t),$ $u(0)=(0, \phi)\in Z_{0}$ . (27)
A Zo Z
B $Z_{0}=\overline{D(A)}$ $Z_{0}$




$\mathcal{T}_{0}(t)$ Zo $A$ Zo $(\mathrm{P}^{\mathrm{a}\Gamma \mathrm{t}})$
$A_{0}=A$ on $D(A_{0})=\{(0, \psi)\in D(A) : A(\mathrm{O}, \psi)\in Z_{0}\}$ .
$(0, \psi):=(0, -\psi’)$ for $(0, \psi)$ \in D ) $:=\{0\}\mathrm{X}D(A_{0})$ ,
$A_{0}$ X :
$(A_{0}\psi)(a):=-\psi’(a)$ , $D(A_{0})=\{\psi\in L^{1} : \psi\in W^{1,1}, \psi(0)=0\}$ ,
83




(27) (integral solution) :




( ) Fredrickson (1971)
$\{$
$( \partial_{t}+\partial_{a})p_{m}(t, a)=-\mu_{m}(a)p_{m}(t, a)+\int_{0}^{\infty}p_{c}(t, a, b)[\sigma(a, b)+\mu_{f}(b)]db-\int_{0}^{\infty_{\rho}}(t, a, b)db$
$(\partial_{t}+\partial_{b})p_{f()}t,$$b=- \mu_{f}(b)p_{f}(t, b)+\int_{oP}^{\infty}C(t, a, b)[\sigma(a, b)+\mu_{m}(a)]da-\int_{0}^{\infty}\rho(t, a, b)da$
$(\partial_{t}+\partial_{a}+\partial_{b})p_{c}(t, O, b)=-(\sigma(a, b)+\mu_{m}(a)+\mu_{f}(b))pC(t, a, b)+\rho(t, a, b)$
$p_{m}(t, 0)= \gamma\int_{0}^{\infty}\int_{0}^{\infty}\beta(a, b)p_{c}(t, a, b)dadb$,
$p_{f}(t, 0)=(1- \gamma)\int_{0}^{\infty}\int_{0}^{\infty}\beta(a, b)p_{c}(t, a, b)dadb$,
$p_{\mathrm{c}}(t, 0, b)=p_{C}(t, a, 0)=0$ .
(30)
pm $(t, a)$ $t$ $a$ $p_{f}(t, b)$ $t$ $b$
$p_{c}(t, a, b)$ $t$ $a$ $b$ $\mu_{m}(a)(\mu f(b))$
$a(b)$ ( ) $\sigma(a, b)$ $a$ $b$ $\beta(a, b)$
$a$ $b$ $\gamma$ $\rho(t, a, b)$
$a$ $b$ $\rho(a, b)$ (marriage
$\mathrm{f}\mathrm{u}\mathrm{n}\mathrm{C}\mathrm{t}\mathrm{i}_{0}\mathrm{n})\Psi(u, v)(a, b)$ :
$\rho(t, a, b)=’\Psi(pm(t, \cdot),pf(t, \cdot))(a, b)$ . (31)
\Psi $(u,v)(a, b)$ u(a) $v(b)$
a b ( )
:
84
[1] $(u, v)\geq 0$ \Psi (u, $v$ ) $\geq 0$ ,
[2] $\Psi(u, 0)=\Psi(0,v)=0$ ,
[3] $(u, v)\leq(u’’, v)\text{ }\mathrm{B}^{\mathrm{c}*\infty}$ $\int_{0}^{\infty}\Psi(u, v)(a, b)dadb\leq\int_{0}\infty\int_{0}^{\infty}\Psi(u’, v’)(a, b)dadb$
[4] $k>0$ \Psi (ku, $kv$ ) $=k\Psi(u, v)$
[5] $a\neq c,$ $b \neq C\text{ }\frac{\partial\ddot{\Psi}(u,v)(a,b)}{\partial u(c)}\leq 0$ , $\frac{\partial\Psi(u,v)(a,b)}{\partial v(c)}\leq 0$










$( \partial_{t}+\partial_{a})p_{m}(t, a)=-\mu_{m}(a)p_{m}(t, a)-\int_{0}^{\infty}\rho(t, a, \eta)d\eta$
$+ \int_{0}^{a}\int_{0}^{\infty}[\mu f(_{\mathcal{T}+\eta)(_{\mathcal{T}};a-}+\delta \mathcal{T}, \eta)]_{S}(t, \tau;a-\mathcal{T}, \eta)d\eta d\tau$ ,
$(\partial_{t}+\partial_{a})p_{f()}t,$$a=- \mu_{f}(a)p_{f}(t, a)-\int_{0}^{\infty}\rho(t, \zeta, a)d\zeta$
$+ \int_{0}^{a}\int_{0}^{\infty}[\mu_{m}(_{\mathcal{T}+}\zeta)+\delta(_{\mathcal{T}};\zeta, a-\tau)]S(t, \tau;\zeta, a-\tau)d\zeta d\tau$,
$(\partial_{t}+\partial_{\tau})S(t, \mathcal{T};\zeta, \eta)=-[\mu_{m}(\tau+\zeta)+\mu f(_{\mathcal{T}}+\eta)+\delta(_{\mathcal{T}};\zeta, \eta)]S(t, \mathcal{T};\zeta, \eta)$ ,
$p_{m}(t, 0)=(1- \gamma)\int_{0}^{\infty}\int_{0}^{\infty}\int_{0}^{\infty}\beta(\tau;\zeta, \eta)S(t, \tau;\zeta, \eta)d\zeta d\eta d\tau$
$p_{f}(t, 0)= \gamma\int_{0}^{\infty}\int_{0}^{\infty}\int_{0}^{\infty}\beta(\tau;\zeta, \eta)_{S(\zeta}t,$$\tau;,$ $\eta)d\zeta d\eta d\tau$ ,
$s(t, 0;\zeta, \eta)=\rho(t, \zeta, \eta)=\Psi(pm(t, *),p_{f}(T, *))(\zeta, \eta)$ .
(32)
\beta $(\tau; \zeta, \eta),$ $\delta(\tau;\zeta, \eta)$ $(\zeta, \eta)$ \tau
$s(t, \tau;\zeta, \eta)$
(21)
Pr\"uss and Schappacher (1994b), Matsumoto, Oharu and
85
Thieme (1996), Iannelli and Martcheva (1997), Inaba $(1993, 1998)$
$\mathrm{P}\mathrm{r}\text{\"{u}}_{\mathrm{s}\mathrm{s}}$ and Schappacher (1994a) Staroverov
(persistent solution) Inaba (1998b)
persistent solution
5
Kermack and $\mathrm{M}\mathrm{c}\mathrm{K}\ominus \mathrm{n}\mathrm{d}\mathrm{r}\mathrm{i}\mathrm{c}\mathrm{k}(1927)$
$S(t),I(T),$ $R(t)$
( )






\beta \mbox{\boldmath $\gamma$} ( )
( $N$)
$I’(t)=\beta NI(t)-\gamma I(t)$ (34)
( )










, $\tau$ ) $t$ \tau



















$N( \mathrm{O})=\frac{b}{\mu}$ – – N $= \frac{b}{\mu}$
$R_{0}= \frac{\beta N}{\gamma+\mu}$ (38)
(Hethcote 1974) :
5. 1 & $\leq 1$ (disease ee steady
state: $DFSS$) $(S*, I*)=( \frac{b}{\mu}, 0)$ $>1$





(Pease 1987, Inaba $1998\mathrm{a}$)
(Tudor
1985, Greenhalgh 1988, Inaba 1990) $\mathrm{S}$ I $\mathrm{R}$ :
$S_{t}(t, a)+S_{a}(t, a)=-\mu(a)s(t, a)-\lambda[\mathit{0}|I(T, *)]S(t, a)$ ,
It $(t, a)+I_{a}(t, a)=\lambda[a|I(T, *)]S(t, a)-(\mu(a)+\gamma)I(t, a)$ ,
(39)
$R_{t}(t, a)+R_{a}(t, a)=\gamma I(t, a)-\mu(a)R(t, a)$ ,
$S(t, \mathrm{O})=B$ , $I(t, \mathrm{O})=R(t, \mathrm{O})=0$ ,
$B$ $\lambda[a|I(t, *)]$
$\lambda[a|I(t, *)]=\int_{0}^{\omega}\beta(a, \sigma)I(t, \sigma)d\sigma$ . (40)
$\beta(a, \sigma)$ $a$ \mbox{\boldmath $\sigma$}
$N(t, a)=s(T, a)+I(t, a)+R(t, a)$ $\mathrm{M}\mathrm{c}\mathrm{K}\mathrm{e}\mathrm{n}\mathrm{d}\mathrm{r}\mathrm{i}_{\mathrm{C}\mathrm{k}}$
$N_{t}(t, a)+N_{a}(t, a)=-\mu(a)N(t, a)$ , $N(t, \mathrm{O})=B$ (41)
$N(\mathrm{O}, a)=BP(a)$
$i(t, a)$ $:= \frac{I(t,a)}{N(a)}(N(a)=BP(a))$ 1
SIR $(i, r)$ :
$i_{t}(t, a)+i_{a}(t, a)=\lambda[a|i(t, *)](1-i(\tau, a)-r(t, a))-\gamma i(t, a)$ ,
$r_{t}(t, a)+r_{a}(t, a)=\gamma i(t, a)$ ,
(42)
$i(t, \mathrm{O})=r(t, 0)=0$ ,
$\lambda[a|\psi]=\int_{0}^{\omega}\beta(a, \sigma)N(\sigma)\psi(\sigma)d\sigma$ .
$(i, r)$ C: $=\{\phi=(\phi_{1}, \phi_{2})\in X : 0\leq\phi_{1}+\phi_{2}\leq 1\}$
X $=L^{1}(0, \omega)\cross L^{1}(\mathrm{o}, \omega)$ $A$ $F$ X :
$(A\phi)(a)=$ , $D(A)=$
.
$\{\phi\in X : \phi’\in X, \phi(0)=0\}$ , (43)
88
$F(\phi)(a)=(^{\lambda[a|\phi_{1}]}(1-\phi_{1}\gamma(a)\phi 1(-a)\phi_{2}(a))-\gamma\phi 1(a))$ . (44)
$(i, r)$ u $=.$ X semilinear Cauchy
:
$u’(t)=Au(T)+F(u(t))$ , $u(\mathrm{O})=u_{0}$ . (45)
mild solution $C$
semi ow
$\mathrm{S}$ I $\mathrm{R}$ (39) $R_{0}$
$(T \phi)(a)=N(a)\int_{0}^{\omega}\int_{\sigma}^{\omega}\beta(a, \xi)\frac{\ell(\xi)}{l(\sigma)}e^{-}\gamma(\xi-\sigma)d\xi\phi(\sigma)d\sigma$ (46)
$r(T)$
$B(t, a):=N(a)\lambda[a|I(t, a)]$ $a$
:






A $:=\{\lambda\in C : 1 \in\sigma(\hat{K}(\lambda))\}$
$\hat{K}$ K $\sigma(A)\text{ }.\text{ }$ $\text{ }\hat{K}(\tau)$
r(K(\mbox{\boldmath $\lambda$}))
89
$r(K(\lambda))=1$ – o $\lambda_{0}\in\Lambda$
$r(\hat{K}(0))=r(T)>1$ \mbox{\boldmath $\lambda$}0 $>0_{\text{ }}r(T)<1$ \mbox{\boldmath $\lambda$}o $<0$ \mbox{\boldmath $\lambda$}0










$\mathrm{S}$ I $\mathrm{R}$ (39) (Inaba
1990):
5. 2 T nonsupporting4 &=r(T) $\leq$. $1$
$DFSS$ &>1 DFSS
ESS $a,$ $\sigma\in[0, \omega]$
$\beta(a, \sigma)-\gamma\int^{\omega}\sigma d\beta(a, \xi)\frac{\ell(\xi)}{l(\sigma)}e^{-\gamma}(\xi-\sigma)\xi>0$ (48)
– \mbox{\boldmath $\lambda$}*(a)
$1> \gamma\int_{\sigma}^{\zeta}e^{-\gamma}\int_{\eta}^{\zeta}\lambda*(z)dzd-\eta)+\eta(\zeta$ (49)
0\leq \mbox{\boldmath $\sigma$}\leq \mbox{\boldmath $\zeta$}\leq \mbox{\boldmath $\omega$}
– (48), (49)
\beta (a, $\sigma$) \beta (a, $\sigma$) $=\beta_{1}(a)\beta 2(\sigma)$
4 $E+$ T nonsupporting \mbox{\boldmath $\phi$}\in E+\{0}, $f\in E_{+}^{*}\backslash \{0\}$
p $=p(\emptyset, f)$ $n\geq p$ $n$ $<f,$ $T^{n}\phi>>0$
90
5 ESS – (49) \mbox{\boldmath $\lambda$}*
$=1$
– Thieme
(1991), Cha, Iannelli and Milner (1997)
\beta $=c\sigma\Omega st$ .
(42)
( $\mathrm{S}$ I $\mathrm{S}$ ) :
$\{$





(Busenberg, Iannelli and Thieme 1991, 1993)
6
80







(disease age ; )
mating
HIV $\mathrm{K}\mathrm{e}\mathrm{r}\mathrm{m}\mathrm{a}\mathrm{C}\mathrm{k}-\mathrm{M}_{\mathrm{C}\mathrm{K}\mathrm{d}}\mathrm{e}\mathrm{n}\mathrm{r}\mathrm{i}_{\mathrm{C}\mathrm{k}}$ model :
$\{$
$S’(t)=b-(\mu+\lambda(t))s(t)$




\tau $P(t)=S(t)+\Gamma_{0}i(t, T)dT$ $C(P)$
$C(x)/x$ $\ <1$
$( \frac{b}{\mu}, 0)$ $R_{0}>1$
(Thieme and Castillo-Chavez 1993,
Iannelli 1995)
$($Iannelli, Loro, Milner, Pugliese and Rabbiolo $1992)_{\circ}$
(51) $i(t, 0)$ :
$i(t, 0)=S(t) \frac{C(P(t))}{P(t)}[\int_{0}^{t}\beta(\tau)\Gamma(\mathcal{T})i(t-\tau, \mathrm{o})d\mathcal{T}+\int_{t}^{\infty}\beta(\mathcal{T})\frac{\Gamma(\tau)}{\Gamma(a-\tau)}i(\mathrm{o}, a-\mathcal{T})d_{\mathcal{T}}]$ (52)
$\Gamma(\tau):=e^{-\mu\tau-\int_{0}^{\mathcal{T}}}\gamma(\sigma)$





(Knolle 1990, Diekmann, et al. 1991, Inaba 1997)
3 \tau \ell 1 $(a)$ ,
$\ell_{2}(a),$ $\ell_{3}(a)$ \rho , $\sigma$ $\mu$ (
) $\beta(a)$ $a$ – $\eta$








$\ell_{1}$ (0) $=1,$ $P_{2}(0)=P_{3}(0)=0$
:
$l_{2}(a)= \frac{\sigma+\mu}{\sigma+\rho+\mu}e^{-\mu a}(1-e-(\sigma+\rho+\mu)a)$ ,
$\ell_{3}(a)=\frac{\rho(\sigma+\mu)}{\sigma+\rho+\mu}\int_{0}^{a}e^{-\int^{a}\zeta}\epsilon((\beta(\zeta)\eta+\sigma+2\mu)d(S))e^{-\mu}(S1-e^{-(\rho})1-\beta\sigma++\mu)SdS$
‘
$R_{0}= \int_{0}^{\infty}[\beta(a)\rho p_{2}(a)+\beta(a)\eta^{\ell_{3}(a})]da$ (55)
HIV
$R_{0}= \int_{0}^{\infty}S(a)\phi(a)da$ (56)













$I(t)= \int_{0}^{\infty}b(t-\mathcal{T})\Gamma(\mathcal{T})d\tau$ , $C(t)= \int_{-\infty}^{t}\int_{0}^{\infty}b(t-\mathcal{T})\Gamma(\tau)\gamma(\mathcal{T})d\tau dx$
$b(t)=b_{0}e^{\lambda}0t$
$I(t)= \frac{\lambda_{0}}{\kappa}C(T)$ , $\kappa=\frac{\int_{0}^{\infty_{e^{-}}}\lambda 0\tau\Gamma(\tau)\gamma(\tau)d_{\mathcal{T}}}{\int_{0}^{\infty_{e^{-\lambda}\Gamma}}0\tau(\mathcal{T})d_{\mathcal{T}}}$ (57)
\Gamma (\tau ) (57) $I(t)$
$\mathrm{H}\mathrm{I}\mathrm{V}/\mathrm{A}\mathrm{I}\mathrm{D}\mathrm{S}$ (57)
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and Gail 1994, Kakehashi $1998\mathrm{a}$)
HIV
(Asachenkov,
et al. 1994, Nowak and May 1991, Kirschner 1996, Kirschner and Webb $1997)_{\circ}$
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